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TITLE: Drug Delivery and BiQpsy oevice with 

Ultrasonic Visibility 

FIELD OF THE INVENTION 

tOOOl] The invention pertains to ultrasonic «iH 

ai-al tip of a needle within a ^~ T r e T Ce ° f POSitl ° n ° f ^ 

therapeutic agents or to perfo™ 2 \ °" * t0 

the dispersion of a therapeutic ! USed to cont rol 

a therapeutic a 9 ent i^^ZTZ^T ^ " Wel \* S " 



BACKGROUND TO THE INVENTION 



Medical Rationale 

. Biotherap.atics. „hich are e^ ot ed to " * " ""^ 

the new tog, develo -. d ln „ H seated to comprise more th , n ta 

«.,t d e g »j raPidly t„ th ° it rr two decaaes ' mb ° £tm ^ — 

can „,eabra»ea ^ "V***" — • "»"e d ability to crose 

urai and intravenous delivers t-^v, » 
inadequate, and so.e biotherapeutics may rel 

delivery. 11,37 re « uire localized injection 

* 

£0003] Localized drug delivery permits a 

therapeutic agent at fch* ,- fc . Permits a higher concentration of a 
reduction of the reouir.d T delivery also resnlta in a 

iiz\z i ;rz e tL Tar 9 ; ~ * — - 

- a particular Mood ^ ^ ° £ « ^ 

-thod to dot the ertary £ ee di nr, / e " 1 ° aCS '- » 

cheery reeding a tumor could be used. 
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Ultrasound Imaging 

[0005] Ultrasound is a at-ar,**** _ ^ . 

a standard technique to imaqe the i th^t-t^i 
diagnoses, and these i^ges .r. usu , lly dispUyed * 

ooppler nltr..oond techniques (color ™° n "" l ° 

ultrasound, continues ^ « ^ r T S °"° 9 "^- — «W« 
typically need to „ ~ "T -WW are 

™„ g ec ho shi£ted ia pitch by th ~„ to e f e h ; t c — «"> - 

can be assigned a color so tw effect. The moving objects 

as lo„ M ^ron. (1 mi = r oa . 7 0 7„ ".I °" ^ 

centimeters per second range . 0 - 001 ~ Ul -"" ep.eds in the , to 100 

Ultrasound Imaging of Needles 
I0007J Smooth, thin needles are difficult ^ 

u „ le8S th . „ ltrasouna z™'^ in ultraao,m - ° utput 

degrees, cor. Mop, y needle, .re I Jli T y » to T " ^ " ■"'"^ 
drug injection range from 18 to 2 S * lly " " 18 g "Se while needles for 

ye crom 18 to 26 gauge or beyond. 

1 i 

4 • 

I ■ 

C0008] Patents to enhance the ultrasonic visibility of needle tins n a „ 
granted. one approach is to ™,„t, needle tips have been 

Kfioacn is to roughen or groove the needle tin K„t- 
increase the trauma of needle insertion. * " 

10009] other approaches to enhance ultrasound visibilitv i^i™, , • 

bubbles at the needle tip to better refl. „ " 1Slblllty producing 
transducers at the needl! tL t ul «~asound, mounting miniature 

within hi, vibrating a solid stylet carried coaxially 

within a hollow biopsy needle r*~^i^~ _ . 

solenoid coll l„ t L ^TZTZ." ^ ^"^^ «~» « 
t *n«— • *. 3 - using transducers to aenerafce a 

longitudinal oscillation of * fn,^ generate a 

difficulty encounterel by some of the ""^ * ^ ^ * 

confined to the needle tip and L aPP ™ aCheS is that . motion was not 

needle An , ! D ° PPler ultras <™<* colored the entire 

needle. An invention that featured a loudspeaker- connected to a hollow 
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stylet was successful in displaying the needle tip as a color beacon 
regardless of the angle of incidence of the Doppler beam, but tissue material 
could block the needle during insertion and stop the color signal at the tip. 

) 

Syringes and Syringe Pumps 

[0010] injecting fluid into a patient with sufficient speed and duration to 
be detectable by Doppler ultrasound can be accomplished with a standard 
syringe and the force of a person's thumb. However, it is difficult to 
consistently control the fluid flow manually in order to precisely locate the 
position of the needle tip using Doppler ultrasound. 

[0011] The concept of injecting two fluids using one syringe is not novel. 
Double barreled syringes are commercially available for medical uses and for 
mixing epoxy. US patent 6,245,046 discloses a syringe with thumb control for 
fluid delivery and aspiration. These inventions do not claim enhanced 
ultrasonic visibility. 

[0012] Microprocessor controlled, automated syringe pumps are established 
technology. Commercial manufacturers include Fisher Scientific for 

laboratory applications and insulin pumps from Animas Corporation. 

[0013] US patent 6,423,035, by Das, et al., 'Infusion pump with a sealed 
drive mechanism and improved method of occlusion detection' states: 
«The infusion pump includes processing circuitry for controlling the drive 
mechanism to infuse medication to a patient,, including a sensor to track the 
position of the syringe plunger... An infusion pump for dispensing 
volumetrically proportioned doses of pharmaceutical product to a subject by 
way of an infusion path, the infusion path being adapted to connect the pump 
intravenously or subcutaneously to the subject..." 

US patent 6,423,035 did not claim the ejection of fluid continuously into 
solid tissue as a needle is inserted into a patient in order to enhance the 
ultrasonic visibility of the needle tip, the controlled dispersion of a drug 
into solid tissue, or the delivery of a drug into a blood vessel by precise 
positioning of a needle tip . 
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Fluid Pressure Monitoring of Medical Devices 



[0014] The concept of 

Rondelet, et al. However, this is an J, 5 ' 295 '^, by 

deliver drugs intravenously This ! t " " device -tended to 

continuously into solid tissue as a ne dl ^ Claim ^ ° f 
order to enhance the ultrasonic visibility o £ Z IZZT^ * ^ *» 

I0015J using pressure to precisely locate the V V 

was disclosed in US patent 6 251 fl7 ' ^ dlStal end of * delivery tube 
drug delivery device- Z^'^ * ^ ^ 

tube runted in parallel to a dru^ deli " C ° mPrlSed * 

drug delivery, ln particular J^J™ t0 transthoracic 

the myocardium. therapeutic substances to be ejected into 



Ultrasound Contrast Agent 



s 



10016] Ultrasound contrast agents ar a „ 

-ch as Bristol-Myers Squibb 2 L \ *v«±l.bl. f rom companies 

* oquim> and Amershanu Contrast- 
are tended to produce option, ultrasound wave ref T V" "* 
improve the received image relative -v. reflection i„ order to 

improved visualization of blood flow .""""^ tissue. This permits 

An Amersham product, Optison, consists of » 

microspheres with acoustic properties that SUSPension of » albumin 

wave backscatter. optison L T ^ thWB t0 produce ultrasound 

o ^ k optison is administered intravenously in ^ 

0-5- to l.o-mL, up to 8 7 m r, ™ avenousiy in dose sizes from 

between 2.0 and 4.5 ^ - smaller J** pheres have a mean diameter of 

smaller than red blood cell<! rw 
image of the endocardial borders of th T ? ^ Snhances the 

abnormalities in the walls of the heart. ' *° d ° Ct ° rS t0 865 

Fluid Conditioning of Tissue 

[0017] Methods to condition tissue in ord 

been developed or studied. t0 fa ° llitate dru 9 delivery have 

10018] Needleless injection devices fore* n ■„ 

UP to 400 meters/second using Z ^ ^ 

mpressed gas . Fro m US Patent 6,319,224 
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•Intradermal injection system for' injecting DNA-based injectables into 
humans', from Stout et al.: "Pressurizing a liquid injectable within an 
ampule„to„3900-4300 psi, within 5 milliseconds.. causing local tissue 
disruption within the intradermal space... thereby encouraging an immune 
response.... " 

i 

£0019] Tachibana et al, Fukuoka University School of Medicine, describe 
another method in •Targeted Drug Delivery with Microbubble' : «Microbubbles 
can be intentionally ruptured...to promote diffusion of drugs into various 
tissues and lesions. It has been demonstrated that microbubbles and 
ultrasound can markedly accelerate penetration of lytic agents into 
thrombus . " 

[0020] These methods suggest the potential benefit of fluid pulses, with 
precisely controlled flow rates and flow volumes, that could condition tissue 
prior to the injecting a therapeutic agent. 



SUMMARY OF THE INVENTION 

[0021] A medical device to inject drugs or to perform biopsy is disclosed. 
The device will permit localized drug delivery or biopsy through real-time 
monitoring of the needle tip position within a patient. The device will 
.permit controlled dispersion of a therapeutic agent into solid tissue as well 
as drug delivery into specific blood vessels. 

[0022] The device is comprised of a handheld assembly with a needle, needle 
adapter, vessels to contain two different fluids, fluid conduit, fluid pump, 
controls, pressure sensor, flow sensor, fluid switching mechanism, and valve 
as shown in figures 1, 2, 3, 3A, and 4. The assembly is connected to a flow 
meter, pressure meter, controller, controller I/O, flow rate and pressure 
display, and power source as shown in figures 1 and. 2.\ The device is 
depicted as used for drug delivery in figure 1 and biopsy in figure 2, where 
a vacuum source and conduit is also depicted. 

[0023] m a preferred embodiment of the invention as shown in figures 3, 3A 
and 4, the fluid vessels are syringes with plungers and the pump is a syringe 
pump . 
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£0024] As the needle < Q 

neecue is xnserted, the first fi„,-^ i ... , 
contrast agent, is injected info .„ ' ^ an Masonic 

« ■ JBCCea into the patient Thk <=i ^ 

distance before being slowed anri ... J ld travel s a brief 

and travel distance lili " "f " * t± ~- **» *-* 

Dbppler ultrasound, which is corJTi magnitUde 33 to ^ detectable by 

- -id speed and travel * ^ ^ ^ * ^ ~- 

-/sec and 10 m icrons up to 5 mm acceptable: i cm/sec up tQ M0 

10025] The patient's internal o™= ! 

aj-scinct color to the fi„jj C1 
tip. to cne fluid flow at the needle 

Tin" s": 1 " ^ - «- -die tip 

- stance, a ^Z J^ ^ ~ 

a therapeutic drug, ia then ^ered " fc " ^ ~° Dd lik ^ 

then be used to aspirate tissue for biopsy AlternatlVely ' a v — Pu»P could 

10027, During needle insertion, the first 

intermittently using the manual luid raav be pumped continuously or 

-alth care personnel will mo™ L tT^ ~ «" 

ultrasound display and may adjust the fl^ *, through an 

-urne of space detectable by' It^.^^ ^ ^ ~* °» 
Properly defined image of the needle tip S ° M t0 «*V"i» a 

C0028, if too high a flu . d ^ 

" would tend to disrupt tissue Z Z T- ^ 

unpredictable. The fluid coul(J JL ? ""tribution would be 

and too large a volume of space would be detecTIdT £ 

to permit precise monitoring of th. 1 d * tected °y the Do ppl er ultrasound 
flow rate are reared in order to cdtail the ° f «- 

small volume of space in proximity to the needle' 7 " ^ *> 3 

*PM range, gear ratio between the Lor lin* ^ ! !" »" — 

actuator linfcs. the motor driver card ^' T ***** ^ M ** i °*> 
specified to provide sufficient control I C ° ntr ° 1S ^ 

adjustments to the flow rate. minU £ e ' ^al-time 
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10029] The device can be used to precisely control the delivered volume of 
the drug, using the controller, flow meter, and pump. 

10030] The device can also be used to precisely control the dispersion 
pattern of a delivered drug. Once the needle tip is positioned at the point 
of action, the health care personnel can pulse the ultrasonic contrast agent 
repeatedly and at a .variety of flow rates if necessary, and monitor the fluid 
distribution pattern. The flow rates of these preliminary fluid pulses can 
be high enough to condition the tissue at the point of action which may 
benefit the drug distribution. Once the dispersion pattern is satisfactory, 
the second fluid, the therapeutic agent, can then be delivered. 

« 

£0031] There are a number of options for Fluid 1. the fluid to be ejected 
during the needle insertion. The key requirements are that Fluid 1 be 
biologically harmless (such as sterile- saline), incompressible. and 
echogenic. Fluid l must have no adverse effect on Fluid 2, the therapeutic 
agent, as the needle and fluid conduits will not be flushed between 
injections of the two fluids. A suspension, and in particular an echo 
contrast agent, would be the preferred choice. Fluid 1 could contain drugs 
that aided the efficacy of the therapeutic agent, such as a drug to prevent 
infection or to aid. or to combat the migration of the therapeutic agent. it 
could also contain a chemical additive to decrease its viscosity. Fluid 1 
could even be the patient's own blood, reused as per a transfusion. 

» 

£0032] Fluid 2. the therapeutic agent delivered at the point of action, could 
be: a liquid drug, solid drug particles suspended in a fluid, drug eluting 
microspheres suspended in a fluid, or other therapeutic agents that can be 
delivered under pressure through a needle. Likely, a small quantity of the 
therapeutic agent, 0.2 to 1.0 ml, will be delivered. 

£0033] The device will display the flow rate, fluid pressure, and the rate of 
change of the pressure to the attending health care personnel.- For biopsy 
use, the device will also display the vacuum. 

i' 

£0034] The pressure required to maintain a constant flow rate will vary as 
the back pressure varies due to the depth of needle insertion and changes in 
density of the patient's tissue, i.e. as the needle tip passes from fat to 
muscle. The back pressure will drop sharply if the needle tip pierces a 
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vexn. Therefore, by monitoring the pressure and rate of change of thl 
pressure the health care personnel will be able to posifcion 
delxver drugs directly into a particular blood vessel. „ required an 
audxtory or visual alarm could be incorporated into the system to a'ler 
attend^ health care physicians when the pump pressure has dropped sharply 
and the needle tip has pierced a blood vessel wall. • 

C0035] The syringe pump as depicted in figures 3 3A *r,x * ■ 
an e i-- f ^^ ^ 3 ' 3A ' and 4 is comprised of: 

an electric stepper motor, a drive shaft l 

the dri w * ^ linkages to connect said motor to 

drxve shaft and the shaft to the syringe plunger actuators. 

IZ'17J°'T1 SU *™ rlSeS ^ .«-*«- » f the .invention ,„ a 

, T ^ 1 ° Ven " C '" b « tu » h « —erstcc* by the 



BRIEF DESCRIPTION OF THE DRAWINGS 



■0037, Flgu „ i a. pic ts „ e^^t o£ the inventlon ^ ^ ^ 

HZt Fi9ure 2 dspicts an embodlmenc of the inv ™"°" — " 

"."It 19 "" 3 deElCtS 3 ^ ° £ the — — «y -tb the 

syringes with plungers. 

r'handTL 3 " dSPiCtS 3 ^ ^ ° f ««• — -chanical drive of 

Irason *" ^ therapeutic agent and 

ultrasonic contrast agent contained in syringes 

l°c°ZicTd re , 4 depicts 311 isometric view of the swi - h — - 

Zgs P ° rti0n ° f ^ h6ld aSSSmbly ' « - deliver 
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DESCRIPTION OF THE PREFERRED EMBODIMENT- 

10042] Figure l depicts the device being used to perform , 

delivery at a depth within a patient. localxzed drug 

10043] A Doppler ultrasound transducer (X, transmits and , • 

order to image the interior of' a patient in *" 

hand held assembly (s, i s used to ser a^edl ~ ^ 
towards the desired point of action (4) 1 ™ ^ ^ " ati ~ t 

-stal tip of the needle (7) e ects 'luL TL^T' 

sufficient travel distance a « - u\ suff xcxent speed and for 

dxstance as to be detectable by the Doppler ultrasound. 

10044] A flow meter sensor (a) mounted on the distal end of ^ 
assembly t 5) is connected to the flow meter (9) a ^ 
mounted on the distal end of the hand held assembly l*"""™ U0) 
pressure meter (n) Wm assembly (s) xs connected to the, 

txxj . Trxgger controls (12) anrt ni\ _ 

personnel to switch the flow on/off and / L ^ h6alth Care 

W on ' off and to adjust the flow rate. 

[0045] The controller (14) i„ a ' 

' a . mic roprocessor connected tH* 

cable (27) to fh a t • ccea Vla a wire wrap 

127, . to the manual controls, power source and driver (is) « 
O), pressure meter (n, , input/output (17, and «, „ m 
display (iff,. The con * } ' ^ thS fl ° w me ter/pump pressure 

7 ine controller input /outnnt- /n» 
personnel to enter command » P^t/output (17) enables the health care 

t€r command 8 to specify pulsed flow etcetera. 

[0046] The power source and driver (1 o ^ • 

«MC is linked t0 . dtlve ^"' a » *»" "»= P-P -tor «„, . 

9 cne ul trasonic contrast agent (19) . 
10047, once the needle tip (7) is posltioned afc ^ de 

(4), the health care personnel stop the flow of Fluid 7"d ^"T** 

the therapeutic drug (svrinae „„, u , . 1113 ECt Fluid 2 ' 

rug (syrxnge not shown) into the patient (2) . 

=«-r , s wen as s „ itchi „ g 9 the p fl ; s ; ~™ « ^ t = th . 

other. ' £rom one syringe to the 
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[0049] Pigure a depicts the devlce 

within a patient. Perform biopsy at a depth 

' £0050, A Doppler ultrasound transducer (1, transmits and receives n , 
order to image the interior of a «a t .w r„» receives pulses in 

The hand held assembly (5) is used t " " Ult — d -W-Y W • 

*r i^j is used to insert a needle (a\ 

towards the desired point of action (4) an ^ Patient 

distal tip of the needle (7 ) ^ fl d ^ 

sufficient travel- distance as to be k SUfficie <* «P— and for 

tance as to be detectable by the Doppler ultrasound. 

I0051J A flow meter sensor (8) mounted orf the di-tal - « 

assembly ( 5 ) is connected to the flow \ held 

/ co cne flow meter (9) . a rvrooo,,,- 
"ounteo on th. distal end of th> hand heM ^J' sensor U0> 

Prepare „t.r . Mj3 „ c<mtrols ' > « =°-»=tea to th. 
[0052] The controller (14) i- - m4 

cable < 27 , , to the manual controls ~ ^ia a wire wrap 

W . Pressure meter (xi, Zut! , ***** (15) ' f loW ™ et ~ 

-d the flow meter pumo ' ~» C33). valve < 32 ) , 

meter/pump pressure/vacuum display n B ) -m, 
input/output (17) enables the health « controller 

specify pulsed flow etcetera The 1 Per8 ° nnel " °— — *» 

hand held assembly (5 , wit h a ^ " — ^d to the 

7 < b > with a vacuum line (34) th^ ~ 

:::: rr. th ;~/z - :r — ™~ ~ 

containing the ultrasonic 

contrast aaent hq^ ° r S s y r ^- n 9 e 

[0053] Once the needle tin tn\ • 

C«. «- health -J^^J^^ ^ r ired P ° int " 
The vacuum source (33) is then , I Cl ° SS the Valve < 32 > • 

ce (33) xs then used to aspirate tissue for biopsy. 

I0054J Figure 3 depicts the hand held assembly of th. „ • 

deliver drugs. assembly of the devxce configured to 

i 

I 

t0055] a hand held assembly (5) wit-h » „ Jn 
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(8)detects the fluid flow rate. A pressure sensor ( 10 , det , „ 
pressure. A top trigger control ( 12 , with a oositT * 

set the flow rate and a lower tri g er i LTL^ * 
the flow 011 ana of£ . a switch (25) is us(!d to „, itoh 

. Portion sensor "» s„ a lo ' Se " S ° r ,1 °> ■ 

»,p caole UT^T S " ltCh « — — via a wire 

/, wnich runs out to the flow meter 
controller. , meter, pressure meter, and 

[00561 The power .ource and driver card Inot ^ ■ . 

-=5, Co Che svri» 3 e p„„ p mo tor ,15, 71, L „ 7 • " """^ ^ 
aclve shaft ,„o t shown,. «. ^ ' * T J^TT^ " 3 

«.l »aich slides ,lon g t he horizontal upptt ^ J T" 
Mechanise to mnu ^ ° f th " ■•*<*=">>» 

ulcraaoalc contrast a g e„c ,„,* ™ is ^,,T" £ * 

ewlcchla. „echa„is„ throug „ ,„ adJust J e ( £ ~ - Che 

10057) Dorih, insertion or the needle ,6, Into the patient the , 

re actuated, and Fluid 1 tlom trm th „ !„ ~ ' PlU " 9 " 1201 

• fluid conduit and throu 3 h the neeT ^, T " ' 2 " ' 

the patient. dle "> " here " is injected into 

* 

I0058J once the needle tip is positioned at the desired • 
flew of Fluid 1, the ultrasound contrast a 9 e« , *" 10 " 

from Fluid a , the therapeutic eo.nt , " ^ " PeMt fl °» 

switched hv ,ctuatin g aZ." buZ 'mST""" Sh °"'" ' "» "°" is 

WW- The a„itchin 9 i^^,? i-T* - " 

evria g e Plun 9 er actuators ^JZZTZZ «- 
-e fluid valve , 2 1, fro. one . avrin/tHL other " " " ■ 

C0059] Figure 3A depicts a top view of fi i* 

portion of the hand held a* *, W mechani <^ drive 

tne hand held assembly, configured to deliver drugs. 

10060] The syringe pump motor (16) ig mechani 

shaft (37, , which is supported by two bearings (38)1 J ' * 

mechanically linked (401 -„ 98 (38) ' The **±v* shaft is 

Parallel to the Jve IT , <"> ' -** 

switching -Jtr^" 1 ^-"^ I 110 " 20 " 31 — — * «" 
Plunger (20, for the Fluid ! ' ^ aCtUat ° rS < 2£ » the 

Fluid l syrxnge (19, or the plunger (36) for the Fluid 2 
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syringe (35, . The syringes are moved perpendicular to the drive sha.- • 

i 0 rto s r hin9 r hanism <not —* - — - -t he r :;iLt: ^ 

(40, to be engaged to the drive shaft- 

ve snare. The syringes (19) anri t?s\ 

faataned to the switchiag „ e cha„i. m (rot shoun) thro J h . ^ — J"' «' 
syringe clamps (30) pi.h/i *i adjustable 

™ ,„7 1 ^"rr* throu9h "- d 

aeedle ,., . pressure ^ "J. ^ —*« «»» to the 

[0061] Once the needle tin -i« r^^-; . 

flow of Fluid i th . „ i! P T S " 1 °" d " the Of action the 

no. ^ z: ;.t e u ;:: ,~ it- stopped to 

h, aot„, ting . PU . h button * 23) eo™ to :„";:! ,lo "r switchea 

shown) t** c-H*. , switching mechanism (not 

toThi' dZ tt"- ,toc ■ hom> move * the »~«— 

«> With a vaive actueror Z "* '° M "°" »• th. valve 

f 

[0062] Figure 4 d.picts as iscn.trlc view of th. 

mechanical drive portion o, „ k / tCh m ° cb "> i '™ «»d 

drugs. tond hSld ™«*>ly- configured to deliver 



rr £ Thi:rr™ E " ot ~ ,i6) 13 — — •»>. *. . „« 
»=hj::'i y m u :rr r r inSB ,3e ' • - ~- *• 

Parallel to the drive shaft on t 7T • " 9 " * Ct '" t ° r ' " hl ° h Slid " 

■n.cha.is., TZH^ ""'"^ -«« rode of the switching 

sho™, 1. f, e „ed to ea. ' 9 " Sh0,m, ' ™ "« 

e^inge cla^ 3 0) ^ I J ^ ™ ^™ 

link. 140! *„„ ■ SeM o£ P lu »9er actuators (29), 

"nits (40). and syringe olamps „. aepicted ia Figure 4. 

i-t> tne switching mechanism (331 mi,. „. .. 

av r.i„ switching mechanism (23, moves the 

syringes perpendicular to the drive ^hafi- - , 

between the svrino , engage/disengage the link (40) 

P aCtUat ° r <29) and the *iva shaft (37, The 

:::::: ::t ha sr, (23, ; iso ^ — the f w *i:^z 

cne valve (not shown, with a valve actuator (41, . 
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CONCLUSION 



[0065] A medical device to inieci- 

into specific blood vessels. delivery 

, now sensor, fluid switch mechanism, and valve Thi« ai M ■. 

connected t-^ = aive - Tftis assembly is 

nnected to a pressure meter, flow meter, controller rv™- ln 

display, and power source. controller, controller i/o, 

[0067]' As the needle is inserted, the first flUH 

contrast . . • rst fluid . likely an ultrasonic 

contrast agent, is injected into the patient -m,. , 

uTtrato e / nteraal 0r9anS ^ be in grey- scale while the Doppler 

ultrasound assigns a distinct color to the fluid flow at the needle tip. 

112 ^ health CarS PerSOnnel m ° nlt0r ^ P ° Siti - of the needle tip 

during insertion until said tip is positioned at the desired point of action 

for instance a particular organ or a cancer tu.or. The second tluld liLTy 

a therapeutic drug, is then delivered. Alternative 

then be used to aspirate tissue for biopsy * ^ 

il 0 eIit" r ntT v needle inSSrti0n ' " rSt bS continuously or 

intermittently using the manual controls, or pulsed usi™ -Ho 

h Ba im _ ' * puj.sea using the processor. The 

health care personnel will monitor the needle ti« ■ . 

ul . rann ,,^ , needle tip position through an 

ultrasound display and may adjust the fluid flow rate This win ! 

volume of space detectable by the Dennis rT 

e oy tne D oppler ultrasound so as to inalni- a (n a 
properly defined image of the needle tip. maintain a 
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pattern of , delrvered drug. once the needle tip is positioned' at the peine 
of action, the health car. personnel can pulse the ultrasonic contrast ageT 

::=L^.".r ri to: £ r rates i£ — - - — — - 

therapeutic a/ent. can the! he derle^"'* 0 ' 0 "' — ^ * 

rat'" f ^ " eVi0e ^ S " "°" — ' »— «. »«n the 

rate of change of the pressure to the attending health care personnel The 

™t h r :tT to ™ aiMaln a °™- ~" ~ * — »" 

«.cle. The bach pressure win drop sharply. if the „ aedle cip es 
hlood vessel wall , na the contrast agent is ejected directly into an artery 
or vein. Therefore, by monit-ovi™ artery 
pressure the 1t -h monito "*9 the pressure and the rate of change of 

Pressure the health care personnel will be ^ to position ^ needle 

deliver drugs directly into a particular blood vessel. Thie could Z 

Trr" iocaiized deiivery ° f — - "o 

tlr f 0r deTr 6 " " l0C3te ^ ^ that *— * P-tiou^r cancer 

tumor, for delivering anti -angiogenic drugs for cancer therapy. 

10072] The disclosed . device combines ^vicf-i™ - v. ■> 

comnmes existing technology and techniques: 

♦ 

- needles for drug delivery and biopsy 
'- syringe pumps and vacuum pumps 

- Doppler ultrasound to image blood flow 

- commercially available components such as controllers, miniature 
electric motors, valves, pressure meters, and flow meters 

- ultrasonic contrast agents 

i 

[0073J The foregoing has constituted a descrinti™ ^ 

„». a aescnption of specific embodiments 

showing how the invention may be applied and ™.t- 

arB y app-nea and put into use. These embodiments 

ars only exemplary. Th e invention in it . broade8t , ^ _ apeci£ic 

which now follow. 

100743 These claims, and the language used therein, are to be understood in 
terms of the variants of the invention which have been described. They are 
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What is claimed is: 



1. A device comprising: 



a) a needle for insertion into a patient, 

i f r t arTnd y o m r t s h to suppiy to the needie fiuid - be «t 

b^ort 1L; S1 d , nSedle ^ ^ ^ * b ^ ^stance 

before being slowed and stopped by the patient's tissue, said fluid 

supply me an S delivery fluid at a fluid flow rate that s suffic 1 

to render the ejected fluid to he detectable by Do ppler ultrasound 

la D tTo P n ler of Ul t r S T m0ti0n deteCti ° n meanS POSiti ° ned t0 «- 

.Location of the ejected fluid before li- ^ o1 

naH . , . oerore it is slowed and stopped bv the 

patient's tissue, and Y 



\ 



d) display means coupled to the Doppler ultrasound motion detection 

::z:i provide an ind±cati ° n ° f «- — - - fir:: 

a. A device as described in claim l wherein the fluid supply means 
suppli.es a pulsed fluid flow. 

3. A device as described in claim.! i o • 

controller- combination with a programmable 
controller type processor coupled to fh« 

f1l . . „ P eQ to the fluid supply means whereby the 

fluxd flow rate can be adjusted in real „ 

conjunction with the real-time Tn, * n6edle inSert± ° n ' in 

the ultrasound, in order to Zn* * " ^ ^ 

fluid .„ ">axntaxn a relatively small volume of flowing 

fluid an proximity to the needle tip 

* 

4 ' LJL e .T as T" ibea " cl * i, ° 2 - — 3 » ith * — «** - PPly 

" I ; «"«.."-e ly a therspautic wiu be ej ^ a 

at a dssrrad pornt of action and hanoa partdt loo.Uzad drug delivery. 

5 ' ZJTZT' ,3 '° t ° 3 deSOrib,d ^ 0lal " •->-»•• "quid drug, solid 

T. Tuid " ^ ""^ — *— —ad 

flurd, a radrorsotope in solution, radioisotope labelled drugs or 
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ZZZTT T 0t " er th "*^"= «-t -o he deiivered a„der 

pressure through a needle. 

irr d f cia±ms 2 ' and 3 ±n — . — - 

source. Once the needle is positioned at the desired point of action a 
vacuum source .ay be used to aspirate tissue for biopsy 

A fluid supply means for said dev . ce as described ^ 

4 comprising: ' na 

1 

a) a pumping mechanism, fluid vessels, and a flow meter, 

b) an embodiment of the Flu-!,* 

... d su PP lv me ans . comprised of a syringe pumo 

drr™ g either o£ two Sy ri„ g e plullgers . „ lth , flo „ 

at the diet.I «. of the hand held assembly t£> ^ 
flow rate, ea depicted in figure 3, or 

c) an embodiment of the fin-i/* 

. flUld su PP 1 y means comprised of a separate 

syrxnge pump for both syringes anH/o^ separate 
senses th* ™ svrin 9es and/or a flow meter transducer that 

senses the posrt.on and speed of the plungers and/or a microprocessor 
incorporated in the hand held assembly, or Processor 

d, of the fiuid a„pp ly „ea„a prised of a variaMe speed 



oTar?T t 3°? he ^ ^ ^ i" 

cxaims l, 2, 3, 4, and 7 comprising: 

f a Ue7trjz\ syrin9eo ' - - tiuia *— *= - 

b, syringes for two fluids are contained within a hand held assembly in 
a sliding base with adjustable clamps, 

c) the syringe plungers are driven by S y rlnge P l unger actuators , which 
slide on horizontal support rods. 



17 



BEST 4V4„ ABLB 




d> an electric motor, such as a miniature stepper motor, is i inked to a 
drxve shaft which is positioned parallel to the two syringes, 

e) the motor rotates the drive shaft in order to engage either plunger, 

f) a sliding mechanism will operatively engage either syringe plunge 
actuator to the drive screw, 

g) the motor is actuated by a Droceqqor nneo ^i, 

y a processor ' Possibly with a stepper motor 
driver card, linked to the manual controls; 

h) flow through the needle is switched from Fluid 1 to Fluid 2 using a 
valve and flexible fluid conduit 

i) a mechanism to switch from Fluid 1 to Fluid 2 is comprised of a push 
button that moves the switch mechanism frame perpendicular to the drive 
shaft and simultaneously switches the fluid valve and syringe plunger 
actuators; therefore the device cannot inadvertently be set to pump 
fluid from a syringe whose fluid flow valve is shut,- 

A device as described in claims 1, 2, 3. 4. and 5 with a programmable 
controller type processor coupled to a flow meter wherein the fluid 
supply means provides a precisely controlled volume of fluid at a 
controlled flow rate and duration, and 

this attribute of the device can be used to control the dispersion 
pattern of a delivered therapeutic agent as follows: Once the needle 
. txp xs positioned at the point of action, the first fluid (the 
ultrasonic contrast agent) can be delivered, repeatedly and at a 
varxety of flow rates if necessary, and the fluid distribution pattern 
monxtored using the Doppie, ultrasound display. Once said pattern is 
satisfactory, the second fluid, the therapeutic agent, can then be 
delivered. 

A device as described in preceding claims and as shown in "figures 3 and 
3A, whereby * 
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11. 



a) a variety of needle sizes can be fitted to the device throu gh a 
leak-proof adapter, likely a threaded adapter, and 

b, a variety of needle tip geometries may be fitted to the device 
including a standard open end, an an g led open end, or a closed end It" 
slots running along the side of the Me(i i B - • 

above and *' ° r coinbi ^tions of the 



lust T\ VSSSelS <Syrin96S ° r amPUleS) « held ^vice with 

pro fi tt S ^ ^ COnn6Cted t0 -ing leak 

proof fittings such as Luer" look., and 

d, th. injactata contacting surfacss o£ the _ 

nsedle „ea«e adapter. oonauits . „ a f . ^ 

he -de acc.ssib!. through a r^cvaMa cov.r, and are replaced. " 
order to rai nt. in the ster llit , of . al d co_s fer aal ^tL 

■ 

f ) the flow rate on/off control is comprised of a trig ge r and a switch 

9) the pressure sensor is located at the distal end of the hand" 
neld assembly - 

b) the flow sensor is located at the distal end of the hand 
neld assembly 

■ 

LTjT m mSter ' fl ° W met6r ' COTtr0lle - ^ *^»y for the flow 
meter and pressure meters are coupled to the hand held assembly 

A device as described in claims l, 2 , s, 4, 5 , 7 , 8/ 9 and 
10 with a programmable controller type processor coupled 

r^ of ^h ^ T ° f ^ real ' t±me fl ° W rat6 ' flUid — the 

rate of change of the fluid pressure, as shown in figure X, and 
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this display means will provide an indication that the needle tip has 
Pierced a blood vessel wall as the pressure required to maintain a 
steady fluid flow rate will drop sharply as the fluid is ejected 
dxrectly into a blood vessel, and therefore the device can be used to 
deliver drugs directly into a particular blood vessel, 

A device as described in claim 6 with a programmable controller 
type processor coupled to a display means of the real-time flow rate, 
fluid pressure, rate of change of the fluid pressure, and vacuum, as 
shown in figure 2 
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ABSTRACT 



A medical device to inject drugs or to perform biopsy is disclosed. The 
1ZT Wi V ermit l0Cali2ed **^ry or Mopsy through real-time 

Z t V „ POSiti ° n With±n 9 Patlent " ThS -ill 

permit controlled dispersion of a drug into solid tissue as well as delivery 

into specific blood vessels. ^ 
parent . The f luid travels . brle? dlsemce ^ 

Ir„Ja ^ flUia °~ " U1 - — - - — - 

\ 

t 

The position of the needle tip durina i nsel .Hnn u 

ultrasound until it is rx~Z * msertxon wxll be monitored using an 

xt xs posxtxoned at the desired point of action. A 
therapeutic drug is then delivered Alternate wl „ 

oe used to aspirate tissue for biopsy a ^ *** ^ 

During needle insertion, the fluid flow rate may be adjusted to Vary the 
volume of S pace detectable by the ultrasound so as to maintain a properly 
defxned xmage of the needle tip. ^ y ±y 

c°™ e .rt le tip is positioned at the p ° int ° f acti ° n < 

ZTZ ^ bS PUlSed ' — t a variety of flow rates, 

until the fluxd distribution pattern is satisfactory and the drug can then be 



The pressure reguired to maintain a constant flow rate through a needle drops 

iLecriv 6 t PierCSS ' bl °° d VSSSel Wal1 ^ C ° ntraSt ^ is ^ected 

dxrectly xnto an artery or, vein. By monitoring the pressure and the rate of 

change of pressure, the needle can be positioned to deliver drugs directly 
xnto a particular blood vessel. 
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